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@ Verfahren zur Herstellung von dendrit.schen Zellen nnit n.edernnolekularen Fragmenten der Hyaluronsaure 

(g) Offenbart wird ein Verfahren zur Anreicherung von 
dendntischen Zellen, das folgende Schritte umfaf^t: 

a) aus Blut werden mononucleare Zellen gewonnen, 

b) Zellen, die den Oberflachen marker CD14 aufweisen, 
werden angereichert, 

c) die den Oberflachenmarker CD14 aufweisenden Zellen 
werden in einem Medium kultiviert, das die Zytokine GM- 
CSF und iL-4 beinhaltet, und 

d) die in Schritt c) erhaltenen Zeilen werden nnit Hyaluron- 
saurefragmenten kultiviert, um die irreversible Ausrei- 
fung der Zellen zu dendritischen Zellen zu veranlassen. 
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Die fk-rcifsicllung von jLcndniisLh.cn /cllcn s 0/) crlan^i hci ^icr 'I'hcrLipic von vcrsciiictlcncn I:rkrankLini:cn cine iiii- 
[iicr grol.^cr vvor. icn^c Bcdcuiunu. Mit iiiitc acr ilcntiniischcn /cllcn ist cs ruoiiiicli. iiochakiivc [nifitunnuxiulaii^rcn hc- 
s rcit/.ustcllcn. viic win vcrschicdcncn Aniigcncn. !nsbcsc'>ndcrc I'unioraniigcncn, Viruspcptulcn odcr allergen wirkcntlcn 
Vcrbmdungcn hcladicn vvoaion konncn. Dicso /cllcn werdcn dann in dcr aviopfivcn [nimunthcrapie bci Paticntcn iiiit lu- 
ntorcn. Viruscrkrankungcn odcr Allcrgicn cingcsct/t, l:s hcstchr dahcr in dor adopdvcn [ruruLinthcrapie ein orhcblichcr 
Bcdart" an dcndritiscbcn /cllcn, wobci dicsc dcndntischcn /cllcn vor/ugswcisc ubcr stani^lardisicrrc, rc prod u/icrb arc and 
kosrcngunstigc Vcrtahrcn bcrciigcstctlt werdcn sodcn. Dicsc Vcrtaiircn niusscn unter C J VIP-ZCjI.?- Bcdingungen dLirch- 
ID gefiihrt werdcn konncn. 

Aus dcm Stand dcr Icehnik sind vcrschied.enc Vcrtahrcn /.ur lir/cugung von dcnLlntischcn /cllcn aus Stanmi/cllcn be- 
kannt ( beispielsweise D\i 44 12 794 AM. 

Aus deni Knochcnniark vxicr deiii peripheren Biui von tint Ciranulo/y tcn-Kokinic-siituLilicrcndctn I 'akror ( Cl-CSl'l be- 
handeltcn C'hetHOtherapic-Paticnten konncn liaiuatopoctisehc Sfaiiim/ellen isolicrt wcrdicn, die vicn Obcrllaelien marker 
I S C'D34 aut weisen. Dicsc St aiinu/ctlen werdcn untcr/ugabe s crschicvicner /vtokine kultivien and die dendritisclien /cl- 
lcn werdcn naeh ciner verhaif nismalMg langen Kultivierungs/.cit erhalfen. 

Bci einctu anderen Vertahren werdcn Vlono/ytcn aus penpherem Blut isolierr. die mil UM-('SF und [1,-4 kultiviert 
werden. /ur vollsiandigen Ausreit'ung der /cllcn /u dendntisehen /ellen iiiiissen am Fnde dcr Dureren/aerungsphasc 
weitcrc />tokine zugeseizt werden. 
H) Die aus dcni Stand der Tcchnik bekannten Vertahren weisen verschicdene Nachteile aut'. Die vcdiaitnistuaf.Mg lange 
Kultiv ierungsdauer ist tur den Eiinsat/. in der KHnik nicht geeignei. Dariiber hinaus konncn die liohcn Kosicn der /vto- 
kine und die C'hargenabhangigkeit der cingeset/rcn /yiokine nachteilig sein. 

CJcgcnstand der vorliegenden lirtindung ist dahcr ein Vertahren /ur Anrcicherung von ausgerciUen dendntisehen /el- 
len. das tolgende Schntte unit'aBt: 

a) aus Blut werden ruononuklcare /.eUen gewonnen. 

b) /cllcn, die den Oberdaehenniarker CD 14 autweisen, werden angereichert, 

c) die den Obertiacheniuarkcr CD 14 aut"weisenden /ellen werden in eineni Vlediurn kultiviert, das die /ytokine 
GVI-CSF und [I. -4 beinhalret, und 

,^0 d^ die in Schntt c) erhaltenen /ellen werdcn nut Fly aluronsauretVagtiienten kultiviert, uiu die .Ausrcitung der /ellen 

/u dendrifischen /ellen /u veraniasscn. 

Mononukleare /ellen konnen aus Blut tiiit HiUe eines Diehtegradienten gewonnen werden, wobci in bevor/ugter .Aus- 
tuhrungstbrni ein Leuko/.ytenkonzentrat libereinen F-ieoil-Diehtegradicnien aufgetrennt wird. 
vs In dem zweiten Vertahrenssehntr werden die den Obcrtlaehenniarkcr CD 14 autweisenden /ellen angereichert. bevor- 
/ugt nil! Ililtc von wenigstens eineiu gegen den Obertlachcnmarker CD 14 gerichtcten Antikorper. /uin Hinsat/ kotumen 
konnen hier die LVIagnet-akti vierte /ell-Sortierung (MACS) odcr die Fluoreszen/-akti viertc /cU-Sortierung (FACS). 
Fine eint'aehere. jedoeh nicht so et'fiziente Methode stellt die Anrcicherung uber Plastikadhiision dar. 

Anschliel3end werden die den Obertlaehenruarker CD 14 autweisenden /ellen in eineru Mediuni kultiviert, das CiM- 
CSF in ciner Konzcntrarion von 5{)(]0 bis lO(XX) U/nii und n.-4 in ciner Konzentrat ion von 100 bis I()0(? U/nil aut'weisr. 
Cegebenen tails konncn noch weitere geeigncte /ytokine zugesetzt werden. 

SehlieBlieh werden die in derii Kultivierungsschritt erhaltenen /ellen ruit HyaluronsauretVagiiientcn kultiviert, wobei 
diese Fragruente 1 bis 50 Grundbausteine der Elyaluronsaure autweisen. Ein Grundbaustein stellt ein Ariiinodisaccharid 
aus D-Glucuronsaure und N-Acetyl-D-glucosaniin in G 1 -3-glycosidischer Bindung dar. Bcvorzugt eingesetzt werden 
45 HyaiuronsauretVagniente ruit jeweils 1 bis 10 Grundbausteinen. 

Die Kuitivierung der den Obertlachcnmarker CD 14 autweisenden /ellen ertoigf in cineni VIediunu das GVI-CSF und 
[L-4 enthalt, bcvorzugt tiir cine Dauer von wenigstens 72 h bis 7 dagen. Hieran schlieBt sieh die Kuitivierung in Schritt 
d) t'iir wenigstens 48 Stunden tiiit Fly aluronsaurctragiiienten an. Die rIyaluronsauretVagrnente iiegen bcvorzugt in ctner 
Konzentration von 1 bis 50 ug/ml und besonders bcvorzugt in einer Konzentration von iO bis 30 ug/ml vor 
5i) Die vorliegende Frtindung betritt't also die Verwendung von niederuiolekularen My aluronsauretVagtuenten tiir die 
Ausrcitung von dendntisehen /ellen. 

Durch das ertindungsgeiiiaBe Vertahren konnen dendntische /ellen hergestellt bzw. angereichert werden. Die dendn- 
tisehen /ellen sind Antigen prasentierende /ellen. die aut'die Initiaiion der priniaren [iimiunantwort spezialisiert sind. In 
den verschiedenen Stadien ihrer Fntwicklung ubemehmen sie unterschiedliche Funktionen. In detii unreiten /ustand 
.S5 sind die dendntisehen Zcllen sehr et"'tektiv beiin Prozessieren von nativen Prorein-Antigenen tur den VIHC Klasse Id- 
Weg. Reite dendritische /ellen smd dagegen wcniger fur die Autnahruc von neuen Proteinen tur die Praseniaticn geeig- 
net, stiniulieren aber daiur viei besser die ruhendcn CD4" und CDS" T-/ellen hinsichtlich des Wachstunis und der Dit- 
terenzierung. 

In vivo lauli die Rcitung der dendntisehen /ellen dann ab. wen n die unreiten dcndritischen /ellen von den St ellen der 
^0 .Anrigenaufnahrue zu den d-/ell-Bereichcn o.er lytnphoiden Organe wandem. In vitro kann die Reit\ing in Kulturen \on 
Insch isohenen dendntisehen /ellen beobachtet wercien. Die Rcitung der dendntisehen /cllcn schlagt sich aueh in .An- 
derungcn der Morphologic und dcs Phanotyps nicder Die Charakterisierung und Dit'terenzierung der dcndritischen /el- 
len ertblgt ublicherweisc ijber den Nachweis vcrschiedener Obernaehentiiarker 

Autgrund der naturlichen F'unktionen sind die dendntisehen /ellen besonders gceignet, als naiurliches Adiu\ans bei 
der huptung Lind [rutiiunthcrapic, insbesondere bei dcr ruiuortherapic, emgcset/i zu werdcn. Dabei ist es tur den ange- 
sirebien therapeutischen Fdnsatz entscheidend, ausgereit'te D/'s zu verwenden. die sich naeh Reintusion in den Patienten 
nicht wicdcr zu Makro phage n-ahn lie hen Vorsiadien zuruckdiftcrenzieren konnen. 

Man '.:eht naeh dcrzcitmcni Wissensslanti davon aus, daL^ die dendntisehen /cllcn iru unreiten /.ustand das Antigen 
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c\pr:iiicrcn :n :^m^c:ii N^^oc MHC. .o-s; ; m lulicrcn.lc \^mcx-:1c jr.: \.:-a^;onsri:.MCKLiic juf :nrcr ()hcr:Uu-c. -a.- 
iu^^T cipc '^n:c"^k!'on /^vsci^cn .'en .ic^ar:I:^J^c^ /c!:cn Lira den cnuogi:.;:! vvird ^'l-.c:! c:us:crni::. ( o-!- 

niuiurons.nc S-naic acr.icn .her ir-CDIS an.l C 'D^i )-( 'D4i )-:.:g.r.:c-:nicruk;:oncn aberrate, and duren die 
dukiion von Aiokincn. ^v:c Q-Va. [T^N-y jnd U,-i:..nc hcKann[cruc:^c .::c /cila:.r vorriKHciic aui:sunitaE :>^racm. vor- 

Naen dc-7CUi^oni Wi.scnsMana ^chcinf es vvcscntneh /u >c:n. dai5 :ar d:c mvUiKMon von pnrnarcr . VcUaniv^or. >pu- 
/laiisicnc AniiLicn priscnt;crcn.ic /ctlcn vorhandcn ^;^d, via.iie P'a>cnia[;on von Antigcncn an d-Zcikn :n Anwcscnncu 
cincs /vvcitcn signa[> : C'o-Sn Mnjiaiion ) entvv cder das Absrerncn dc-':-/ct[cn odcrcmc Annecn-pc/disohc 'loicran/ J^c- 

vvirkcn kann. . ^ , 

Die Vonede des ernndunesL:e:iial3cn Vcrtaiirens smd daher inshesonoxTc d.ann /u sehen, dao vtie d.endniisenen /.euen 
relaiiv eintach bcreit^esieUt^ver.ien konncn. AulkTvlein ruussen nar v crhadnisnMiMg gennge Kon/eniradonen an kosr- 
spieii-en /vtokinen Jmiicscr/t werden. Das crnndunsgeniabe Vbrtahren er:nog[:ehi die Berciisteilang emer /eiLpopuia- 
tion die -an^ uberv-ie^end aus dendruisehen /ellen besteht and. die sich in oineni verhalmisrnalSig emheHdehen ^svn- 
ehroneni'Reaunos/'jstand belind.en. Wenn die dcndnrisebcn /ellen rar die Praseniation von Antigenen einge^eizt wer- 
den soilen. konncn die ^eei^neten Anti-ene /u eineni geeigne:en /eifpank; /a den dendntisehen Zeden /agegeben wer- 
den and die Ann-ene '^onnen dann von den dendntisehen /eilen :ni Laute des Reitangsoro/esses pro/esv.err weroen. 
Die \ntwene korinen entv^eder al^ Proieme. in Fonii von ahgeroieten /eilen vxier /edpraparationen oder auen ;n ronn 
von gentechnoiogiseh niodin/ier:en Zellen ^ugegeben werden. Wenn sieh .ue dendr:tisehen /eilen in deni gewunseiiten 
Zustand betinden. konncn sie turdie Therapic verwendLcr werdicn, 

Dus ertinduniis^cruaL^e Vcr[ahren ist tur die Bereustedung von auioiogen dendntisehen /eilen geeignef. Oer Begnh 
"auioio-" bcdcutei, dab d.ie Aasoan^s/elien eincrn Spender ( Paiienten ) entnoninien werden. Diese /eUen werden dann in 
vuro erfindunesiienialS nehandclt. urn dcndntisehc /eiien /.u gew:nnen. Die angereienerien dendnti>elicn /eilen werden 
dann gegcbenentails naeh Koniaki nut deru .\ntigen detiiseiben Spender, von dein mc .r^prangUeli nersramnien. /uraek- 
iie^eben. 

^ Aiternaiiv hier/u kann das Vertatircn audi rur die Bereitstei king von "ailogcnen- dendntiselien /eden veruendet wer- 
den flierbei werden die /eilen von eineni Spender oder aueh aus Blaikonscrven. die von B iutspendedaensren erhalten 



oen. i-uernci weroLcn uil- ^tu^-wi .iv^^^v.^.^ .^v.^. 

werden konncn. [icreeMcilt und dann an andcre Paiiptanger /uruekgegepcn. [lierduren konncn ^randardiMcrte 
seiie /eilen bcreuiiesteilt werden. die bcispie Isweise optiiuai nut eineni i uriiorantigen beladen sind. [nsbcsonda 
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ralcn [ntektionen ^HIV) kann so ^iie /eiluiare [niniunitat ettektiv gesteigerr werden. 

Prtindunosuciual.^ werden /air Ausrcitun- dcr dendntisehen /eden Fragniente von f K aiuronsaare (HA) eingesetzi. 
Die IdvaLuronsaure isr em tnakroiiiolekulares Poivsaeehand, das als korpcreigenc Substanz vor adein in der Dernus zur 
Wasserspcieherun^ dient. fivaluronsaure wird vor alleni von Keratinozvten in den basaien Sehiehten d.er Obcrhaut ( hpt- 
dermis) sowie von^Fibrobiasten des Untcrhaut-Bindegewebcs produziert. [Ty aluronsaurc rtndet sich auch im Glaskorpcr 
von Au-en dcr Svnov lairlussi-keit dcr Geienke und ist cin Bcstandteil des Bindcgew^cbes. Bei nicdngcn Konzentratio- 
nen bUdet f [vaiuronsaure cine hoeliviskosc waBngc Losung. Die [ly aluronsaure ist eme hochruolckulare Vcrbmdung luir 
einein VIolckular'cwieht zwisehen 5()()0() Daiton and tnchrercn Miilionen Dalton. Der Grundbaustein der fivaluronsaure 
ist ein Aniinodisaeehand, das aus l>Glueuronsaure und N-.Aeetvl-D-Glucosamm in l3 l-3-glyeosidiseher Bindung bc- 
steht Dieser Grundbaustein ist tint der naehsfen Fmlieit I.U -4-gi veosidiseh verbunden. Diese unverzwx-igtc Kette dcr 
fivaluronsaure bestehi aus etwa ZtXKJ bis lOOOM) dcrarti^er Grundemhciten. Dureh [ly aluronidasen werden [5-glucosidi- 
sehe Bindunuen hvdrolisicri und die Ilvaluronsaure wird .o zu kleineren Bruehstueken abgebaut, Ernndungsgeinab wer- 
den bcvorzu^n die Hvaluronidase aus BulLeniioden oder die aus St reptoeoevus hyaluronteus isoliertc Hy aluronidase vcr- 
wcndet Dic\Thndun-s^eiiiai3 ein-eserzten Hyaluronsauretragnicnte werden bcvcrzugt zunaeiist mee h an iseh dureh 
Seherkratr un.Voder Ultraschall zerkieincn and ansehiielSend ertolgt em weiterer Abbau des Poiysaeehands nut ridte ei- 
ner -eeigneten I ly aiuronidasc. Die gewunschten Fragniente niit bevorzugt 1 bis 50 Grundeinliciren werden ansehiiel^end 
dureh geeiuncte dVennvert'aluen isoliert. n • j kh- i 

Die vorllegende Hrhndunu wird anliand der nachtolgcnd bcsehnebcncn Bcispieie wciter eriautert. Bei der Durchtulv 
run^ der Bcispieie wurdc besondcrs aut Verunreinigungen der Reagcnzien nut Lipopoly saeehandcn (LPS ) geaehiet . La- 
popoivsaecharide sind liesrandteile aus der /ellwand Grarniiinegativer Baktenen. Sehon kleinste Verunreinigungen nut 
I ipopolvsaechanden reichen aus, urn Monozyicn bzw. GD 14--Staninizellen des per:pheren Blutes irrevcrsibcl zu akii- 
vicren Daher wurde bei den erhndungsgetiialS durehgctuhrten Vcrsuehen darauf geaehtet. einen Sehvvellenweri von 
(J.tn ng/nil Lipopolysaeehand zu untersehreiten, der crtahrungsgeiuaB kemen FinduB aut Monozvten, CD14 Stariiiu- 
zellen oder dendntisehe /ellen hat. 

Beispiel 1 : /eflisoiation 

a) Cjewinnun^z von niononuklearcn /ellen (Pf^MG) 

Fm I eukozvienkonzentrat iButtv coat) von eineni gesunden. hunianen Spend.er warde uber emeiu jK-htegraaien- 
ten mil Fieol l-IIv perpaquc plus ( Phaniiaeia. i:ppsala, Sehweden) dureh /entntugaiion autget rennt . Die niononu- 
kiearen /ellen iP!iM(d [aecm sich dabei m der Interphase des (Iradienten ab. rote Blutkorpereiien i Frv ihrozvren i 
sowie ncutrophiie Granuio/vten belinden sieh unter dent CJra.iienien und warden ver^vorten. I-:eoli-Fvperpaque 
plus isi em Cienuseh von niakroruolaren /uekern zeilularer IlerkLintt. is; aber votu Ilersieller aut den i.. ,,-Genait 
^etestet i Fmo^oiOMn-Gchali > (kOOl ng/mi). Dieser Wert konnte m eigenen 'lests r^otatigr weMcn. 

b) Morkicrunii der GD I4-poMiiven /eilen „ ■ 
/ur weueren Aut reini ^jun^ der Monozvten wurd.en die Pf^MG tur 45 nnn. ntu anti-GD 14-iuA.^ mkubiert Oarau - 
hin wurde nut PBS .ewas^hen und das /eilpeliet m 2 mi MAGS-Puder resuspendiert . M AGS^ < M dienv i. Biofceii. 
[kr^'iseiT ( dadbuehT^ M.^netie acMvaied Geil sorting: Fine Meiiiode zur Autremigung von /ellen uber an Metall- 
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^j^cicnun ^cr^Lin^icnc Nfarkicric /c'lcn lichen ;n Jcr MiJi:ncii^^-:K-n Sail Icninat n \ hjniicn. \?\l>y vv/\> 

('j'~;Mu-" <(Mh*.\M 'uti 5 itiM i ''liiv !cn4int[nkMctr:^L-ssiusaurc (1:1) I'A) nn^i Rin^tcr-Scruiualhuiutn ;fkS.\): pf[ 7.2 
dLiru-h /ugubc Kon IK '1 cmiicsiclh ). Durcli '/iig^hc ^on I-.D TA wir4 J.u^ Kluriipcn <lcr /cllcn \ crliin^lcrT. was wichiig 
Lur^iic .AutrcmiLiuni: in .tcrSaLilc isi. Nun vvLirvicn vlic /cllcn nut M)ul /:ci:c-anti-MLius- [^[Cj \TicrLibcads anicr .ten 
iilctchcn BL\lingun^cn inkuhicrr. anschliclScnd tint MAC 'S-Puttcr izcvvaschcn, /cntnl Uiiicri und in tiil \TAC'S-Put"- 
tcr rcsuspcndicrt . 

c) Anrcichcrung dcr C"D 1 4- posit i von Y.cWcn ubor VIAC.\S 

Die Anrcichcrung crtoli:tc bci 4"('. Die V'S -i- '^Saulc wLirdc in den \IA('S-Vlagne[cn (betdcs Miitenvi) eingesct/t 
and /unaehsr nnt 5 nil VIAC'S-Puder gewasehen. /ur (Jewmnung ciner I-in/elzeiisuspension warden die /ellen 
dureh ein /ellsieb (30 lhii Masehen weite: Milienvi ) passiert and aut'die Sauic aufgerragen. Die N'euaiivtraktion aus 
Linntarkierten /eiien, die tiiagnetisch nieht in der Saulenrnatnx tcstgehaltcn wurdien. liet'en dureh und vvurden ver- 
worten. Die Saule wurde nocii /weinial tiiir jewel Is 5 nd MAC'S-Put'ter gewaschen, um einc niOijliehst reine Posi- 
trakiion /u erhalten. Anseliliei.-^end wurvle die Saule aus den Magneien genotiutien und die speziliseh uber Vlicro- 
bcads in der Matrix tesigei^adenen /eUen unter Druek aiit 5 ml Putter m cin steriles Rohrchen gespult. Die erhalte- 
nen /eilen wurden in vier Neuhauerkainnier ausge/ahlt. [n der Reuel konnten dureh diese Methtxie aus eineiii 
liutt'y-eoat 3 5 x 10' CD id-positive /elien ( Mono/.yten) gewonnen werden, niit einer Reinheit > Diese /el- 

len lassen steh vodstandig durch /y tokinzugabe in D/ umwandeln. 

Beispiel 2: Zellkultur 

Die isoiierten CD 14-positiven /eilen wurden in 12 tul e-RPMI [(cRPMa: d^PMI 1640" (Cibeo, Paisley, Sehottland) 
niii lO^^c Hit/e-inaktivierteni totalen Kalberserum, l^-r L.-Gluiatiiin und P'"r Pcnieillin-St reptotiiycin ), alle Bestandreile 
enthalten weniger als 0.025 intemaiionale P!ndoto.\ineinheiten/fid (Richtwert fur Aqua ad in jectabilia) 1 autgenoninien. 
Ufu sie zu dendntisehen /ellcn (DCs) ausreiten zu lassen, wurde ihnen huiuancs GM-CSP' t'urdie klinische Anwendung 
(Leukoniax 400^, Sandoz AG. Numberg) in einer Kon/entration von 80()O Einheuen/inl Medium und rL-4 (GenzyTue, 
Russelshcinu Charge ataf LPS-Gchair gerestet: < ().()() 1 ng/nil) in einer Kon /en txat ion von 500 Hi nhei ten/ml Vlediuiii zu- 
gegeben. Dann wur^le die Zollsuspension in einer Six-Well-Platte zu jcweds 2 nil auspipetrierr und im Brutschrank bei 
37''C und 5^c CO: kultiviert. Am vierten Tag wurden nochinals 2 miywell c-RP\[I mit GM-CSF" und [I.-4 dazugegeben. 

Beispiel 3; Idyaluronsaurepraparationen 

a) Fraktionierung von f Tyaluronsaure und Auftrennung der Fragttiente 

Autgereinigre Hyaluronsaure ( FIA) aus Hahnenkaiuiuen (Flealon^: Phanuacia. fur den klinisehen Einsatz bestimnit, 
[{ndotoxin-Gehalt > 0,001 ng/iiig) wurde zunachst mit einerii Ldtraschallgerat ^Branson Sonifier) fiir 2 nun. in gro- 
i.-^ere Bruehstueke gespaiten. L'ni diesc Bruchstucke weiter zu zerkleinem. wurde ihnen Flyaluronidase (Typ 1 aus 
Rinderhoden: Sigma) /.ugesetzt. Die Reaktionslosung wurde mit Natnuniacetat auf pFI 5 eingestellt, bei 37''C fur 12 
Std. inkubiert und anschtieBend dureh Frhitzen auf 90''C inaktiviert. Die erhaitenen FVagmente wurden nun naeh ih- 
rer C;ro6e aufgetrennt. Dazu wurden sie in einer 1,5 tti langen Glassaule auf ein Polyaery lainidgel (Bio-Gel P-10, 
Bio-Rad. Munchen) gesehichtet. Als SpCiltUissigkeit diente Aqua bidestillata, unter der Saule nahni ein Fraktions- 
sammler (Pharmacia) alle 20 min. die Fraktionen auf. Die Rchrehen wurden ver^ehlossen, kiihi und lieht^eschuryf 
gelagerr. 

b) Detektion der GroBe der Hyaluronsaure frag men te 

1. grol^Te Bruekstiaeke nach UUrasehallzerkleinerung 

Sonifizierte HA wurde in eineiii 59^igen Agarosegel tuittels Gelelektrophorese aufgetrennt. Die Polysaccharid- 
bunden wurden im Gel durch Farbung mil Srains-all (3.3'-Diethy [-9-riiethyl-4.5,4'.5'-dibenzothiacarbo-cyanin; 
Sigma) sichtbar gemacht. Die so erhaitenen Fragmente haben eine Grol3e von lO.OOO bis 50. 000 kDa. 

2. kleine Fragmente nach zusatzlicher Hyaluronidaseverdauung 
A NTS - Mark ie r u n g : 

/unaehst muBten die einzelnen Proben mit dem Fluorophor ANTS niarkierr werden [ANTS-Losung: Od5 VI 
S-Aminonaphtaien- 1 .3.6-Trisulfonsaure Dinarriumsalz in FssigsaureAVasser (3/17, v/v), durch langsarues Er- 
hitzen auf bO^C gelost]. ANd'S markiert jedes Zuckenuolekul am Kertencnde. Die kleinen Fragmente wurden 
ebenfalls mitrels Gelelektrophorese unter Verwendung eines 30 Acrylamidgels aufgetrennt. Das Gel konnte 
nun unter UV-Lieht ( ANTS-FarbstofO sichtbar gemacht und photographisch dokumentiert werden. 

c) Quantitative Bestimmung der Myaluronsaurekonzentration nach der Fragmentierung und Auftrennung 

Es wurden von jeder Probe Od ml abgenotnmen und im Eisbad nut {).o tul Farbelosung (5.2 g di-Matrium-Tetrabo- 
rat in 1 1 konzentrierter Schwefelsaure) gemischt. Nun Wurden jeweils 0.(^2 ml O.l'^ Carbazol in Ethanol zugege- 
ben, gemischt und abeniials 10 min. lang gekocht. Nach dem .Abkiihlen auf Zimmertemperaiur konnte die HA-Kon- 
zentration photomctrisch bei 520 nm bestimnit werden. Als Leerwert diente .Aqua dest., als Standard (),2 uM FLA/ml 
in /\qua dest. 

Beispiel 4: /elLstunulatton 

/ur Stimulation wurden den /ellen am vierten dag der Kultivierung unterscliiedliche FIA-Fragmente in einer Konzen- 
tration von 0.025 tug/ml (25ug/ml) Medium zugesetzt. Als Positi vkontrode dienten I.ipop(dysaccharide (LPS) von 
F.schenchia coli SerotypOl77 (Sigma). 
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I.. [II - lie \cr\\<:r.r^ wr^-^^- 
[ur 5 Tj^c :n:i jul ^tjrc;n:i:'cn : 

1 1 1 CM r ouc r ^v e n 1 g c " s p r'i ii ' 
r. s w ureter; ..tic raLii-"'Urv 



- ;-/c:xn 

■('pr:i^-:c 



. -.lie cr^cn i Ji's jus '.cuk^^/v icriNon/cr.trui r^ull}- vOuisi 
■c njc;T s:HULhjUTis^:hcr K^pa/;m .icr D/'> KOtnnii cs vl^inc: /u 
Kicis Hinbuu ^v^n radiouk[ivcn 'PI-ThyniKiin ncsi^nMut uiirdc. 
Proncn vijTLZOsrc:li . Jic ^"iircki niii <icr 



■ si Jii '-icrLiPklcncn 



n ( )nc-:,^c:-c"i;-^":cvJ,c 
.i\cn -iiiv^uicrcn ' -/c ;.cn i n^.. 
cuk>.;'C *c "c 

cn C'.Hinis rc:- ^;:ini.:c ( pr;! . :cr- cm/cincn 
'r-/c;;prntiicrui:on ^.-rciiccr:. Mun <;c:-. i^o O/'v -iic :!ui <;cincn ".\-l-ag:ncntcn bchandch wur.lcn. vic.itiiai poicn- 
'crc VPCs ^ cri:;c^c:iDar :iiu ac:ii :.:r : .?S->[in:ui.[ion crnaiicncn Wert .dargcsiclU m TjociIc-IB). 

\uch viicvcs 'icispici -clc-r. dAi:^ cr:in.:L;n-s^c[ii^i5 ;uit klcincn H A-I Vugnicnfcn ^%vischcn 2 12 LDPVuckcrnioicku- 
Icn cine .leutlicnc AusrcUun^ .on DC ' cr;^a:;cn vwr.i, .iic .tu^.-uL.s vcrg!c:chnur :sr luu pubii/icricn Dutcn .n.lcrc^ Mc;iio- 
dcn I'lnc strcn-o Abhanm-kcw von ctncr^i c:n/c;:^cn /uokcr crschcinr dnw:.nrschcinhc[i, jcdooh hat^cn ^roocrc Molc- 
k-lc '"0 ^0 rDP-/Lickcr)T.ttcnsicnt::o:: vc:ncn !-n:!u!:;. .ia d:o crnndun^^^cnial. cmgcsci/tcn f rakiioncn ^clnc ..nfc- 
schicde 'P acr WirKun- /c-cn. auch ^.c-n s,c -.^.c^c i rag-icnfc eninaiicn. (}cschaluc HA hat cncntalls kc:ncn ::[tcM 



Intcrcssanicrucisc :s[ .icr crtinaun-s-ci;iaDC Httck: ottcnsichi iicn spc/insch tur D/'s. da iiiii 'nicrtcron-guiiinia . H Nr 
bcnandcltc Mono/vicn. die zu Makrophagcr^ ausrcdcn. kcmc Sfeigcrung ihrcr stiniularonschcn Kapa/uai n^iJi ^cnar..- 
lun^z :uu HA-Fragriicntcn zeigcn (Mcnc labcUc 4A>. 

[irgebnissc: 

1 ) Auttrcnnun. dcr crhadc.cn l r..n>cnrc luincis Ciclcickirophorcsc and AN'IT:S-Farbung Die crdndungsgc:nal3 
vcrwcndctcn Fra-ucntc wciscn c;nc Groi.c von 2 bis nm /u 1 2-tach-/uckcm auf. Die Kon/cnEraiionsnicssung cr- 

Liinc acHcrc Autspaliung ..tiescr Frak;;on m cm/clnc /acker !s( pnn- 



eab Wcrie von ci\va 1 [iig/nd 



/ipied nutteis cmer HPLC illigh ?-cs^u^e 

dai3 bcsondcrs dae klcincn I-Vaiinienie tur due Siuiialaiion veranrwordich smd. 
2) Finllul^ dcr DC-Siiiiiulicrung nnficis [f A-Fragtncntcn ^ut die FxpresMon ..^n OherllachcnniarKcrn. 

L^crdic FAC'S Abbild.un-cn kann Jac Oherdachcndichte verschicdcner Rc/cptoren niinels Aniikorpcr testgcsteltt 
werdcn. Intcanert man die Flache anicr den Kurven. erhalr man die sogenannic Mil t Mean tluorescence intensnv ). 
Diese Wenc >ind in dcr Taoeile 1 tur v crschicd.cnc Re/epiorcn autgeiister. 

iabeile 1 



Liquid ( 'hrvMiiaiograptiv i mdgiich. Die Frge: 



nissc laNSc 



n den Schiut.i /u. 





unbehande 1 te unreif- DZ':^, Tag 4 

'/ur Bedeumnii d.cr cin/elncn, m Tabeilc 1 auigctahnen Obcrilachcnniarker: 

[CAM. I ;st cm tast ubtquiiar vorkonmicndes Intcrl'cllulares AdhasionsMolekul. Die Hrgcbnisse /cigcn cine .eicn c 
Autre^ulaiion. wae sie bei Ccrsch.edcnsrcn Arien dcr /cilakiiMcrung beobach.et wird. CD la ist ein Marker tur de.dr.i- 
sehe Jnd Lan.erhans/cilen dcr Haul: w.hrcnd Mono/v^cn ausschlicl^hch CDi^ cxpnnnercn. ^^"^^'^^^ V^ruu -i^ln 
Ausreitun. imnier luehr /un. Verlusi von CD14 and Fxpression von CDla. LPS. f . A-Fragn,enic and MC MAL.aain 
dran^^en diesen PnveiS ..icdcr Icichi /urack. K:nk:ioncdc viscauen/cn diescr RcguLn^^n sind aner nicht . ekannt 
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Tabclie 2 zeigr ^iie Sriiuulicriing unt.icrer Ohertlachcnniarkcr (C'DJ-4s. ("083 and CD 115). Wcitercs An/cichcn dcr DZ- 
Ausreitung sind cine FleruntL-rreguiation von CD 1 15 (dcrn G-CSF' Rczcptor) sowie cine Autrcgiilanon von CDS3. einc 
tunknonelle Rcievan/ eiicscr Vcrandcrungcn ist noch nicht bckannr. In dcr rabelle 2 isf ^icatlich /u schcn, dalil die Kn[c- 
ricn dcr D/- Ausreitung durch Sdniulation niit klcincn I lA-FVagnicntcn veil ertullt vvcrdcn. 

CD44 isr ein Adhasionstiiolckui. cine bcscl^ricbenc P'unktion ist die Bindung von IIA. 

Tabelic 3 




unbehandelte unreife DZ ' s , Tag 4 



Ta be He 3 /eigt die Expression von weitcren Obertlachenniarkern. 

Neben den Reitungsriiarkem sind liier I-akrorcn dargesteilt. die tar die I'unktion dcr Antigcn-Prasentanon, d. h. dcr 
Sfnuulafion von T-L.y mpho/yten cine cntschcidende RolLe spielen. Hicr/.u /uhlen djs MHC Klassc 11 Molekul HDA-DR 
sowie die bciden kos(iniula(oriseiien Faklorcn 117-1 und B7-2. Ohne viie Autrcgulation dieser I'aktorcn tst auch ein Idn- 
satzder 0/ in den oben beschriebenen Anwendungen niehi sinnvoll. lirrindungsgciual.^ vvurde cine deutliche Autregula- 
(ion alter F'akroren naeh Bchandlung luit [I.Ad'ragriicnicn gefundcn. veriileielibar fiiH dcr rnaxirualen Stimulation nach 
LPS-Ciabe. 
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Frag. 45: In der Gelelektrophorese kein Nachweis von kleinen 

HA-Fragmenten, im Uronsaure-Assay weniger als 0,001 mg HA 
= Negativfraktion zuin AusschluB einer Wirkung von 
Saulenbesrandteilen . 

Frag 17: In der Gelelektrophorese liegen die groBten nach- 

.^eisbaren Banden bei ca . 15-fach Zuckern, stark vertreten 
sind Zucker bis zu einer Grdfie von 6-fach Zucker. 
Uronsaure-Assay: 1 mg/ml. 

Frag. 14: Gelelektrophorese: bis ca. 22-fach Zucker, starke 
Banden bis IG-fach Zucker, Uronsaure-Assay: 1 mg/ml. 



PLilcnlansprucl-.c 

1, Vcrtahrcn /ur Anreichcrung von dcnaniischcn /.cUcn. das iolaonac Schnllo unUdl.;i: 

a) uus Blui wcrdcn iiiononuclcarc Zellcn gcwonncn, 

b) Zellen dicdcn ObcraachenmarkcrCD14aut'wc.si:n. wcrden angcreichcrt. . .y,,, 
0) die den Ohorriachcn.narkerCDU aulwascndon /dien .vcrdcn in cne.u Medm.n kultnicrl. das di. /.vto- 

d) die in Schn.r c) crhaitcnen Zellen werden niu Hyaluronsauretragn.cnten kulnvien. u.i.d.c irreversible Aus 
rcitunadcrZaien /.udcndriiischcnZellcn /u vcranlassen. ni,„ „„, fl,ltc cincs 

^ Vcrfahr^n naeh Anspruch 1. dadurch gckcnn/x-ichnc. daB d,c niononuclcarcn Zcllcn aus '^^^^ 
Dich.oo.radicnicn. insbcsondcrc cincs Ficoll-DKh.e.gradicn.cn aus cncni -^-f '^-^^^^^^^^ 
:v Vcrfahrcn naeh cncm der Ansprucho 1 odcr 1 dadurch gckcnn/.cK-hnc, da. .^e den 

aut weisenden Zellen nut Ililte wenigsicns e.ncs gegen den Oherrlachenniarkcr ( DUgenchie.en Annkorper an,e 
4 Vcrtahren naeh eincui d.er Anspruehe 1 b,s .v dadurch gekenn/.eichncl, dah d.ie d.en 

autweisenden Zellen m emcMi Medium kuiUMer, werden. aas CIM-CSI ,n e-.ner .<on.en,ranon von .<^... us 

Um) U/.ul und n.-a ,n cincr Kon/.cntrutton von bis Uax' i:/«>«l autweisi. u.aluron- 
s Vertahrennaehemen, der Anspruehe lb,sa.dadurchgekenn/elch^o^daB die /.Mien ..nVhrind. ni . I.^^^ 

'saurefra.iHcnien kuluvien werden. die 1 bis 5n Cirund.bausreme d.er ilvaluronsaure 

hausiein^Mn Anunodisacchund aus 0-(ilueuronsaure und N-Aceu !-0-gluco>.nnn m 1 - ^-glvkosidi.^.ner IJ.nUun, 

isf 



fi. VcrLiiucn nacii Nnsprii^iK^. ^iadu^^■h -ckcnn/cichnci, ^ic rivalun^nsjurctrauriicnic ;cwlmIs 1 ^is 1 ( t Atii tnv^-' 
.tisacctiLiTKlc au t vvciscn. 

^. Vcrtalircn nach cincm dcr Ansprucho 1 his 0. viadurch ^ckcnn/.cichncf, aaL> aic den Ohcrtlaclicnniarkcr CD 14 
julwciscnacn /olicn /wischcn 72 Sfunacn and 7 lagcn m cincni Medium kuUiv icn wcrdcn, das C;M-(\SF und [T.-4 
s cnrhali. 

8. Vorfahrcn nacli cincni dcr vorhcrgchcnden Anspruchc, viadurch gekcnn/cichnor. dali die Zcllcn in Schnrr d) fur 
wc nigs tens 48 Siundcn ntit nyakironsaurctVagmcnicn kulnvicrr wcrdcn. 

9. Vcru'cndung von nicdcnuolokularcn Fryaluronsaurcfragnicnicn tlir die Anrciciierung von dcndndschen /cllen. 
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It 

Specification 

The supply of dendritic cells (DZ) assumes ever-greater 
significance m the therapy of various diseases. With the help 
of dendritic cells, it is possible to supply highly active 
.mmune modulators that can be charged with various antigens, m 
particular, tumor antigens, virus peptides or compounds with an 
allergenic effect. These cells are then used m adoptive immune 
therapy in patients with tumors, virus diseases or allergies. 
There is therefore a considerable need for dendritic cells in 
adoptive immune therapy and these dendritic cells are to be 
supplied preferably via standardized, reproducible and 
reasonably priced processes. It must be possible to perform 
these processes under GMP/GLP conditions. 

The state of the art offers various processes for the 
production of dendritic cells from stem cells (for example, DE 
44 12 794 Al) . 

Hematopoetic stem cells can be isolated and they display 
the surface marker CD34 from the bone marrow or the peripheral 
blood of chemotherapy patients treated with G-CSF factor 
[granulocyte colony stimulating factor] . These stem cells are 
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cultivated .y ada.ng va..ou. cytoK.nes and the dend....c cells 
„e o.ta.ned after a comparatively long cultivation t..e. 

„ another process, monocytes that are cultivated with GM- 
CSP and IL-4 are isolated £ro. peripheral blood. Additional 
cytokines must be added in order to achieve the complete 
^.turation o£ the cells into dendritic cells at the end of the 

differentiation phase. 

processes known from the state of the art present various 
disadvantages. The comparatively long cultivation time iS not 
suitable for use in a clinical environment. Moreover, the high 
costs Of cytokines and the dependence of the cytcKines used on 
the charges can turn out to be disadvantageous. 

The object of this invention therefore iS a process for the 
enrichment of mature dendritic cells comprising the following 
steps : 

a, mononuclear cells are obtained from the blocd; 

W cells that display the surface marker CD14 are enriched; 

c) the cells that display the surface marker CD14 are 
cultivated on a medium that contains the cytokines .M-CSP and 

IL-4 and 

^\ rnltivated with 

d) the cells, obtained m step c) , are cuiti 

^aiiQP the ripening of the cells 
hyaluronic acid fragments to cause the rip 

into dendritic cells. 
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Moncnuclear calls can be obtained fro. the blood wUh the 
help of a density gradient where, xn a preferred e*od..ent, a 
leuRocyte concentrate rs separated vra a Ficcll density 

gradient . 

^^r. fhP rells displaying the surface 
In a second process step, the ceiis a± y ^ ^ 

marker CD14 are enrrched, preferably with the help of at least 
one ant .body that rs directed against the surface .ar.er CD14. 
Here one can use magnet-actrvated cell sorting (MACS) or 
fluorescence-activated cell sorting (FACS) . Enrrch^ent via 
plastic adhes.on rs a sitpler method wh.ch, however, is not as 
efficient . 

Then the cells displaying the surface marker CD14 are 
cultivated rn a med.um that displays GH-CSF in a concentration 
of 5,000 to 10,000 U/ml and in a concentration of 100 to 

1,000 U/ml. Addrtxonal suitable cytokines may possibly be 

added. 

Finally, the cells, obtained during the cultivation step, 
are cultivated with hyaluronic acid fragments and these 
fragments display 1 to 50 basrc building blocks of hyaluronic 
acrd. A basic building block rs an ammo disaccharrde from D- 
glucuronic acrd and N-acetyl -D-glucosamrne rn a ,1-3-glycosidrc 
bond, one preferably employs hyaluronic acid fragments wrth 1 
to 10 basic building blocks in each case. 
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The cells dxsplaying the surface marker CD14 are cultivated 
xn a medium that contains GM-CSF and IL-4, preferably for a 
duration of at least 72 hours to 7 days. This is followed by 
cultivation in step d) for at least 48 hours with hyaluronic 
acid fragments. The hyaluronic acid fragments are preferably 
pressed in a concentration of 1 to 50 ug/ml and particularly 
preferably in a concentration of 10 to 30 ug/ml. 

The invention at hand thus relates to the use of low- 
molecular hyaluronic acid fragments for the maturation of 

dendritic cells. 

Dendritic cells can be made or enriched by means of the 
invention-based process. The dendritic cells are cells that 
present antigens that are specialized for the initiation of the 
primary immune response. They assume differing functions during 
various stages of their development. In the immature state, the 
dendritic cells are very effective in the processing of native 
protein antigens for the MHC class II route. On the other hand, 
dendritic cells are less suitable for the acceptance of new 
proteins for presentation but, in return, they do a much better 
,ob in stimulating the idle CD4^ and CD8^ T-cells in terms of 
growth and differentiation. 

Dendritic cells mature in vivo when the immature dendritic 
cells migrate from the places of antigen acceptance to the T- 
cell areas of the lymphoid organs. Maturation can be observed 



5 



m vitro in cultures of freshly isolated dendritic cells. The 
maturation of dendritic cells is also expressed via changes in 
the morphology and the phenotype . The dendritic cells are 
characterized and differentiated customarily via the detection 
of various surface markers. 

Due to the natural functions, the dendritic cells are 
particularly suitable for use as natural adjuvant during 
inoculation and immune therapy, especially m tumor therapy. 
Here the important thing is to use mature dendritic cells that 
after reinfusion into the patient cannot again be differentiated 
back into macrophage -like preliminary stages in order to 
determine the desired therapeutic employment. 

In light of current knowledge, one starts with the idea 
that the dendritic cells in the immature state absorb the 
antigen (for example, a tumor antigen) and then process the 
antigen. The dendritic cells mature in the process and migrate 
to the areas of the secondary lymphoid organs, which areas are 
rich in T-cells. Mature dendritic cells to a high degree 
express MHC, co-stimulating molecules and adhesion molecules on 
their surface, which facilitates an interaction between the 
dendritic cells and the T-cells (T-cell clustering) . Co- 
stimulatory signals are transmitted via B7-CD28 and CD40-CD40 
ligand interactions and are boosted by the production of 
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cytokines such as INF-a, INF-y and IL-12, which, as is known, 
promote immunity transmitted in a cellular manner. /3 
According to the current state of the art, it seems to be 
essential that specialized antigen-presenting cells are present 
for the induction of primary T-cell response because the 
presentation of antigens on T-cells m the absence of a second 
signal (co-stimulation) can bring about the necrosis of the T- 
cells or an antigen-specific tolerance. 

The advantages of the invention-based process therefore are 
to be found particularly in the fact that the dendritic cells 
can be supplied in a relatively simple manner. Besides, one 
need use only comparatively small concentrations of expensive 
cytokines. The invention-based process facilitates the supply 
of a cell population that consists quite overwhelmingly of 
dendritic cells, which are in a comparatively uniform 
(synchronous) state of maturation. When the dendritic cells are 
to be used for the presentation of antigens, then the suitable 
antigens can be added to the dendritic cells at a suitable 
moment and the antigens can then be processed by the dendritic 
cells in the course of the maturation process. The antigens can 
be added either as proteins in the form of killed cells or cell 
preparations or also in the form of cells modified by way of 
gene engineering. When the dendritic cells are m the desired 
state, they can be used for therapy. 



The invention-based process is suitable for the supply of 
autologous dendritic cells. The concept autologous" here means 
that the initial cells are taken from a donor (patient) . These 
cells are then treated in vitro according to the invention in 
order to obtain dendritic cells. The enriched dendritic cells 
are then possibly returned after contact with the antigen to the 
same donor from which they came originally. 

As an alternative, the process can also be used for the 
supply of "allogenous" dendritic cells. The cells are obtained 
from a donor or also from stored blood obtained from blood donor 
services and they are then returned to other recipients. In that 
way, one can supply standardized dendritic cells that, for 
example, have an optimum charge of a tumor antigen. In that 
way, one can effectively increase the cellular immunity, 
especially in the case of viral infections (HIV) . 

According to the invention, one uses fragments of 
hyaluronic acid (HA) for the maturation of the dendritic cells. 
Hyaluronic acid is a macromolecular polysaccharide that is used 
as endogenous substance above all in the dermis for the purpose 
of storing water. Hyaluronic acid is produced above all by 
keratinocytes in the basal layers of the epidermis as well as of 
fibroblasts of the subcutis connective tissue. Hyaluronic acid 
can also be found in the vitreous body of the eyes, the synovial 
fluid of the joints, and it is a component of the connective 
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tissue. At low concentrations, hyaluronic acid forms a highly 
VISCOUS aqueous solution. Hyaluronic acid is a high-molecular 
compound with a molecular weight of between 50,000 Dalton and 
several million Dalton. The basic building block of hyaluronic 
acid is an amino disaccharide that consists of D-glucuronic acid 
and N-acetyl-D-glucosamme in a p 1 - 3 -glycosidic bond. This 
basic building block is connected (31 -4 -glycosidical ly with the 
next unit. This unbranched chain of hyaluronic acid consists of 
about 2,000 to 10,000 such basic units. By means of 
hyaluronidases, f3-glucosidic compounds are hydrolyzed and 
hyaluronic acid is thus broken down into smaller fragments. 
According to the invention, one preferably uses the 
hyaluronidase from bull's testicles or hyaluronidase isolated 
from Streptococcus hyaluronicus . The hyaluronic acid fragments 
used according to the invention are preferably at first crushed 
mechanically by shearing force and/or ultrasound and this is 
followed by a further decomposition of the polysaccharide with 
the help of a suitable hyaluronidase. The desired fragments 
with preferably 1 to 50 basic units are then isolated by means 
of suitable separation procedures. 

The invention at hand will be further explained with 
reference to the examples described below. Particular attention 
was devoted to contaminations of the reagents with 
lipopolysaccharides during the performance of the examples. 
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Lipopolysaccharides are constituents from the cell wall of gram- 
negative bacteria. Contaminations with lipopolysaccharides are 
sufficiently in order irreversibly to activate monocytes or CD14" 
stem cells of the peripheral blood. This is why, in the 
experiments conducted according to the invention, special 
attention was devoted to making sure that one did not fall below 
a threshold value of 0.01 ng/ml which, in light of past 
experience, does not influence monocytes, CD14^ stem cells or 
dendritic cells. 

Example 1: Cell Isolation 

a) Obtaining mononuclear cells (PBMC) 

A leukocyte concentrate (Buffy coat) from a healthy human 
donor was separated by means of centrif ugation via a density 
gradient with Ficoll Hyperpaque plus (Pharmacia, Uppsala, 
Sweden) . The mononuclear cells (PBMC) here are deposited in the 
interphase of the gradient, red blood corpuscles (erythrocytes) 
as well as neutrophile granulocytes are below the gradient and 
were discarded. Ficoll Hyperpaque plus is a mixture of 
macromolar sugars of cellular origin, but it was tested by the 
producer for the LPS content (endotoxin content > 0.001 ng/ml). 
We were able to confirm this value through our own tests. 

b) Marking the CD14 -positive cells 

The PBMC were incubated for 45 minutes with anti-CD 14-mAK 
m order further to clean up the monocytes. Then we washed with 
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PBS and the cell pellet was resuspended m 2 ml of MACS buffer. 
MACSS (Miltenyi, Biotech, Bergisch Gladbach) = Magnetic 
activated Cell sorting; a method for cleaning up cells via 
antibodies bonded to little metal balls; marked cells remain 
suspended in the magnetic column matrix. (PBS w/o Ca^'^Mg'" 
(Gibco) with 5 mM of ethylene dinitrolotetraacetic acid (EDTA) 
and bovine serum albumin (BSA) ; pH 7.2 adjusted by adding HCl) . 
By adding EDTA, one can prevent the clotting of cells, something 
that is important in the purification of the column, . Now the 
cells were incubated with 50 yl goat -anti -mouse IgG microbeads 
under the same conditions, whereupon they were washed with MACS 
buffer, centrifuged and resuspended in 5 ml of MACS buffer. /4 
c) Enrichment of the CD14 -positive cells via MACS 
Enrichment was done at 4°C. The VS + ©column was used in 
the MACS magnets (both Miltenyi) and were first washed with 5 ml 
of MACS buffer. To obtain an individual cell suspension, the 
cells were passed through a cell screen (30 ]im mesh width; 
Miltenyi) and were applied upon the column. The negative 
fraction from unmarked cells that were not magnetically fixed in 
the column matrix ran through and were discarded. The column 
was then washed twice more with 5 ml of MACS buffer each in 
order to get the purest possible positive fraction. Then the 
column was taken out of the magnets and the cells that were 
specifically retained via microbeads in the matrix were flushed 
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into a sterile tubelet at a pressure of 5 ml of buffer. The 
resultant cells were counted in the Neubauer chamber. As a 
rule, it was possible to obtain by means of this method from a 
Buffy coat 3-5 x lo' CD14 -positive cells (monocytes) with a 
purity of > 90%. These cells can be completely converted into 
dendritic cells by adding cytokine. 

Example 2: Cell Culture 
The isolated CD14 -positive cells were absorbed in 12 ml of 
c-RPMI [(c-RPMI: "RPMI 1640" (Gibco, Paisley, Scotland) with 10% 
heat -inactivated fetal calf serum, 1% L-glutamine and 1% 
penicillin streptomycin); all constituents contain less than 
0.025 international endotoxin units per ml (standard value for 
Aqua ad inj ectabilia) . To let them mature into dendritic cells 
(DCs) , we added to them human GM-CSF for clinical use (Leukomax 
400®, Sandoz AG, Nuernberg) in a concentration of 8,000 units/ml 
of medium and IL-4 (Genzyme, Ruesselsheim, charge tested for LPS 
content < 0.001 ng/ml) in a concentration of 500 units/ml of 
medium. Then the cell suspension was pipetted out in a Six-Well 
plate at 2 ml each and was cultivated in the incubator at 37°C 
and 5% CO2. On the fourth day, we once again added 2 ml/well c- 
RPMI with GM-CSF and IL-4. 

Example 3: Hyaluronic Acid Preparations 
a) Fractionation of hyaluronic acid and separation of 
fragments 
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Purified hyaluronic acid (HA) from cockscombs (Healon£; 
Pharmacia, intended for clinical use, endotoxin content > 0.001 
ng/mg) were first separated into larger fragments with an 
ultrasound unit (Branson Sonifier) for 2 minutes. To comminute 
these fragments further, we added to then hyaluronidase (Type 1 
from bull's testicles; Sigma). The reaction solution was set at 
a pH of 5 with sodium acetate, it was incubated for 12 hours at 
37°C and it was then inactivated by heating to a temperature of 
90°C. The resultant fragments were now separated according to 
their size. For this purpose, they were layered in a glass 
column with a length of 1 . 5 m on a polyacrylamide gel (Bio-Gel 
P-10, Bio-Rad, Munich) . Aqua bidestillata was used as flushing 
fluid, and under the column, a fraction collector (Pharmacia) 
absorbed the fractions every 20 minutes. The tubelets were 
sealed and were stored in a cool environment protected against 
light . 

b) Detection of the size of the hyaluronic acid fragments 

1. Larger fragments after ultrasound comminution. 
Sonified HA was separated in a 5% agarose gel by means of 

gel electrophoresis. The polysaccharide bands were made visible 
in the gel by staining with Stains-all ( 3 , 3 ' -diethyl - 9 -methyl - 
4, 5, 4' , 5' -dibenzothiacarbo-cyanine; Sigma). The resultant 
fragments have a size of 10,000 to 50,000 kDa . 

2. Small fragments after additional hyaluronidase digestion 
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ANTS marking: 

First of all, the individual samples had to be marked with 
Fluorophor ANTS (ANTS solution: 0.15 M of 8-amino naphthalene- 
1, 3 , 6-trisulfonic acid disodium salt in acetic acid/water (3/17, 
v/v) dissolved by slowly heating to 60°C) . ANTS marked each 
sugar molecule at the end of the chain. The small fragments 
were also separated by means of gel electrophoresis using a 30 
acrylamide gel. The gel was now rendered visible under UV light 
(ANTS dye) and was documented by photography. 

c) Quantitative determination of hyaluronic acid 
concentration after fragmentation and separation 

From each sample, we took 0 . 1 ml and mixed it in the ice 
bath with 0.5 ml of dye solution (5.2 g of disodium tetraborate 
in 1 1 of concentrated sulfuric acid) . Now we added each time 
0.02 ml of 0.1% carbazol in ethanol, we mixed and we once again 
boiled for 10 minutes. After cooling down to room temperature, 
it was possible to determine the hyaluronic acid concentration 
at a figure of 520 nm by means of photometry. Aqua dest . Was 
used as blank value and, as standard, we used 0 . 2 yM HA/ml in 
Aqua dest . 

Example 4: Cell Stimulation 
For stimulation we added to the cells on the fourth day of 
cultivation differing hyaluronic acid fragments in a 

concentration of 0.025 mq/ml (25 pg/ml) medium. 
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Lipopolysaccharides (LPS) of Escherichia coli Serotype 0177 
(Sigma) were used as positive control. 

Example 5 

In order functionally to illustrate the increased 
expression of surface molecules, the dendritic cells were 
prestimulated and were incubated for 5 days with purified naive 
[native] allogenous T-cells that had also been obtained from 
leukocyte concentrate (buffy coats) (so-called mixed leukocyte 
reaction, MLR) . Depending on the stimulation capacity of the 
dendritic cells, one winds up with more or less pronounced T- 
cell proliferation that was determined by incorporating 
radioactive ^H- thymidine . We displayed the radioactive counts 
per minute (Cpm) of the individual samples and they correlate 
directly with the T-cell proliferation that did take place. One 
can see that the dendritic cells that were treated with small 
hyaluronic acid fragments are definitely more potent AFC s 
comparable to the value obtained for LPS stimulation 
(illustrated in Table 4B) . 

This example likewise documents that according to the 
invention one can achieve a definite maturation of the dendritic 
cells with small hyaluronic acid fragments [of] between 2-12 UDP 
sugar molecules; this maturation is definitely comparable to 
data published on other methods. A strict dependence of an 
individual sugar seems unlikely; although larger molecules (20- 
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30 UDP of sugar) obviously do not exert any influence because 
the fractions used according to the invention do not display any 
differences as far as the effect is concerned even if they 
contain larger fragments. Sound- treated HA likewise does not 
have any effect . 

Example 6 

Interestingly enough, the invention-based effect is 
obviously specific for dendritic cells because monocytes treated 
with Interferon-gamma (IFNy) and maturing into macrophages do 
not display any increase in their stimulation capacity after 
treatment with hyaluronic acid fragments (see Table 4A) . 

Results : 

1) Separation of the resultant fragments by means of gel 
electrophoresis and ANTS staining. The fragments used according 
to the invention have a size of 2 all the way to 12 -fold sugars. 
The measurement of the concentration showed values of about 1 
mg/ml of separated HA. This fraction can be further separated 
into individual sugars basically by means of HPLC (High-Pressure 
Liquid Chromatography) . The results enable us to conclude that 
it is especially the small fragments that are responsible for 
stimulation . 

2) Influence of DC stimulation by means of HA fragments on 
the expression of surface markers 
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The surface density of various receptors can be determined 
by means of antibodies via the FACS illustrations. If one 
integrates the surface under the curves, then one gets the so- 
called MFI (Mean Fluorescence Intensity) . These values are 
listed in Table 1 for various receptors. 

Table 1 



Tabelle 1 
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*) untreated immature dendritic cells, Day 4 

To interpret the individual surface markers listed in Table 

1 : 

ICAM-1 is an almost ubiquitously occurring intercellular 
adhesion molecule. The results show a slight upward adjustment 
such as it is observed in various types of cell activation. 
CDla is a marker for dendritic and Langerhans cells of the skin; 
while monocytes exclusively express CD14 , there is an ever- 
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growing loss of CD14 and expression of CDla during the course of 
maturation. LPS, HA fragments and MCM medium again push this 
process slightly further back but functional consequences of 
this adjustment are not known. 

Table 2 : 
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*) untreated immature dendritic cells, Day 4 

Table 2 shows the stimulation of other surface markers 
(CD44S, CD83 and CD115) . Other indications of dendritic cell 
maturation include a downward adjustment of CD115 (the G-CSF 
receptor) as well as an upward adjustment of CD83, but a 
functional relevance of these changes is not yet known. Table 2 
clearly shows that the criteria of dendritic cell maturation are 
fully met by stimulation with small hyaluronic acid fragments. 
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CD4 



4 IS an adhesion molecule and a described function is 



the bonding of HA. 



Table 3 



Tabelle 3 




*) untreated immature dendritic cells, Day 4 

Table 3 shows the expression of additional surface markers 
Along with the maturation markers, we can see here the 
factors that play a decisive role for the function of antigen 
presentation, that is to say, the stimulation of T- lymphocytes . 
Here we include the MHC class II molecule HLA-DR as well as the 
two cost-stimulating factors B7-1 and B7-2. The use of the 
dendritic cells in the above-described practical applications 
makes no sense without the upward adjustment of these factors. 
According to the invention, we found a definite upward 
adjustment of all factors after treatment with HA fragments 
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comparable to maximum 



LPS . 



stimulation a 



fter the administration of 



Table 4 



n 




[Key: 1) Untreated; 2) Ultrasound- treated HA] . 

Fragment 45: Gel electrophoresis does not presen tany 
evidence as to small HA fragments, the uronic acid assay shows 
less than 0.001 mg HA = negative fraction so as to rule out any 
effect deriving from column constituents. 

Fragment 17: The largest detectable bands are to be found 
with about 16 -fold su gars in gel electrophoresis; heavily 
represented are sugars up to a size of 6 -fold sugar. Uronic 

acid assay: 1 mg/ml. 

Fragment 14: Gel electrophoresis: up to about 22 -fold 
sugar, strong bands up to 10 -fold sugar, uronic acid assay: 1 
mg/ml . 
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claims 

1. process for the enrichment of dendritic cells comprising 

the following steps: 

a) mononuclear cells are obtained from the blood; 

b) cells that display the surface marker CD14 are enriched; 

c) the cells that display the surface marker CD14 are 
cultivated on a medium that contains the cytokines GM-CSF and 
IL-4 and 

d) the cells, obtained in step c) are cultivated with 
hyaluronic acid fragments to bring about the irreversible 
maturation of the cells into dendritic cells. 

2. Process according to Claim 1, characterized in that the 
mononuclear cells are obtained from blood with the help of a 
density gradient, in particular, a Ficoll density gradient from 
a leukocyte concentrate. 

3. Process according to one of Claims 1 or 2 , characterized 
in that the cells displaying the surface marker CD14 are 
enriched with the help of at least one antibody directed against 

the surface marker CD14 . 

4. Process according to one of Claims 1 to 3 , characterized 
m that the cells displaying the surface marker CD14 are 
cultivated in a medium that displays GM-CSF in a concentration 
of 5,000 to 10,000 U/ml and IL-4 in a concentration of 100 to 
1,000 U/ml . 
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5. Process according to one of Claims 1 to 4 , characterized 
m that the cells in step d) are cultivated with hyaluronic acid 
fragments that display 1 to 50 basic building blocks of 
hyaluronic acid where the basic building block is an amino 
disaccharide from D-glucuronic acid and N-acetyl -D-glucosamme 
in a f31-3-glycosidic bond. 

6. Process according to Claim 5, characterized in that the 
hyaluronic acid fragments m each case display 1 to 10 ammo 

disaccharides . - 

7. Process according to one of Claims 1 to 6 , characterized 
in that the cells displaying the surface marker CD14 are 
cultivated between 72 hours and 7 days in a medium that contains 

GM-CSF and IL-4 . 

8. Process according to one of the above claims, 
characterized in that the cells in step d) are cultivated for a 
period of at least 48 hours with hyaluronic acid fragments. 

9. Use of low-molecular hyaluronic acid fragments for the 
enrichment of dendritic cells. 
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